One of the most disturbing complications of mastoiditis is furnished by lateral sinus thrombosis. This complication, always a possibility, generally gives sufficient worrk to the attending otologist so that he may not find life too motononous, at least just at that time. With this condition threatened there is usually considerable food for thought. Even with the diagnosis established and tlre seemingly proper course of procedure followed, there is still generally sufficient cause for concern, until undoubted convalescence is reached. Although Zaufal, in 1880, first suggested opening the sinus in a case of thrombosis, until Ballance/ in 1890, advocated the. ligation of the internal jugular vein and shutting off the infection from the general circulation, this condition was indeed considered of the most serious nature, if not of necessarily fatal consequence. Much has been written on this disease, a great deal of which has been of inestimable value, but it may not be amiss to report the following series of cases occurring in the Oto-Laryngological Service at U. S. A. General Hospital No.. 14, Fort Oglethorpe, Ga., during the year 1917-18.
. Lateral sinus thrombosis may generally be considered as a complication of mastoiditis, either acute or chronic, although a number of cases of primary infection of the jugular bulb and sinus have been reported by McKernan 2 3 and others. These accompanied an acute otitis media, the pathway being directly from the middle ear to the bulb, either by dehiscence in the bony wall pr by means of small communicating veins and lymphatics, or by direct absorption of bone. Other cases have been reported where there was no evident middle ear ·Candidate's thesis, American Laryngological, Rhinological and Otological Society. disease and the sinus was found filled with pus at operation. Sauer reported such a case in 1910. However, it is quite possible that there had been some otitis media at some time previously, if unrecognized by the patient at the time.
The ratio of sinus thrombosis to mastoiditis is hard to determine. Figures vary a· great deal, but there can hardly be any doubt that this complication is fairly frequent. Downey4 reports five cases out of a series of 79 acute mastoids. Gerber 5 reports 25 in a series of 524. Welty6 reports a series of 100 acute mastoids with only 3 cases of sinus thrombosis. Out of a series of 497 cases of mastoiditis at the Massachusetts Charitable Eye and Ear Infirmary during 1917 there were 19 cases of lateral sinus thrombosis. The seven cases here reported occurred in a series of 168 cases of acute mastoiditis at General Hospital No. 14. Braun 7 in his work on the pathology of sinus thrombosis says that thrombosis of the lateral sinus resulting from middle ear and mastoid disease may occur in the following ways: "1. The inner table of the mastoid over the sinus may be diseased and an abscess formed between the sinus and the inner table. This results in an inflammation of the true sinus wall which eventually leads to the formation of a thrombus within the sinus. 2. The inner table over the sinus may be diseased and cause an extension of the inflammatory process to the sinus wall without the intermediation of a perisinus abscess. The phlebitis re~lts in a thrombus formation. 3. A thrombus mav form in one of the smaller veins of the mastoid and extend 'into the lateral sinus."
The usual course of events is necrosis of the sinus wall and destructive changes in the endothelial lining . Bacteria in the vessel wall set free toxins which pass into the blood stream. There is also an increase in the agglutinability of the blood platelets and an increased coagulability of the plasma which, with the destruction of the intima, make up the main factors in sinus thrombosis. Braun found that the bacteria were present l110stly in the peripheral portions of the thrombus and that the younger thrombi contained few, if any, bacteria. This seems to indicate that the thrombus was formed before the bacteria themselves entered the blood stream. Thrombi may be either obliterating or parietal. Probably all start as parie-tal, becoming obliterating after a variable time. It would seem that the thrombus which remains parietal for considerable time is far more dangerous to the patient than the obliterating type. A parietal thrombus is continually washed by the flowing blood stream, and, if of sufficient duration to have accumulated considerable bacteria, must needs be more of a menace, because of the septic material being swept into the general circulation, than in the case of the obliterating thrombus.
The underlying causes of sinus thrombosis may generally be considered under four heads: 1. The virulence of the infection. 2. The resistance of the individual. 3. Delayed mastoid operation. 4. Incomplete mastoid operation. The distinction between the first two is often hard to determine, for they overlap each other with great frequency. Neither requires much comment. As an example of the first, we have the fulminating mastoiditis, usually streptococcic in its bacteriology, in which we may have operated as early as the third day after the onset of the otitis, and yet the picture disclosed at operation made our work seem tardy. Then we have the type of case where the mastoiditis is a complication of another disease which has sapped the patient's vitality. His resistance has been immeasurably lowered before the onset of mastoiditis. In the series upon which this article is based mastoiditis was a frequent complication following measles or pneumonia, and consequently low resistance on the part of the patient was frequently encountered.
Delayed mastoid operation is a frequent cause of sinus complication.. Often this error is excusable. It may be impossible to make a diagnosis because of masked signs and symptoms, or a coincident disease. Furunculosis of the canal may prove a misleading factor and render the diagnosis difficult. i~n abnormally thick cortex may retard the development of inflammatory signs on the surface of the mastoid, and unless there be sufficient canal and middle ear signs present, cause delay in making 'a diagnosis of suppurative mastoiditis. As the result of coincident disease, the patient's condition may be such that it is advisable to delay operation to the limit, even running the chance of complications.
Too frequently is incomplete mastoid operation the cause of sinus thrombosis and this does appear inexcusable. Far too often is a" secondary operation required in order to insure healing after a simple mastoidectomy, and far too often does this period of healing drag out to unnecessary length because of incomplete exenteration of the mastoid at first operation. Thorough surgery would eliminate a certain number of cases of sinus thrombosis. The pathologic process in acute mastoiditis, as shown by Beck,8 is by one of two ways: cell route, or confluent; vascular, or osteophlebitic. Especially in the case of the former does incomplete removal of the cellular or diploetic areas tend to a continuation of the process until we get necrosis of the sinus wall and consequent blood stream infection. Disregard of the cellular area just internal to the prominence of the digastric fossa and in the angle between the floor of the middle fossa and the knee of the sinus is altogether too common. These two areas are favorite sites in which to find a perisinus abscess. Cells posterior to the sinus are often overlooked and may prove potential factors in subsequent sinus complication. Too frequently a mastoidectomy is like sweeping a room but neglecting the corners. Earlier and more complete mastoid surgery would avoid many sinus thromboses.
The clinical picture of sinus thrombosis is practically that of general sepsis with frequently certain localizing signs. The picture may vary a great deal, making diagnosis increasingly difficult. Signs that are almost diagnostic when present, prove nothing by their absence. In the typical case we have a septic temperature rising to 10 or above, followed by a remission to normal or below, with daily repetitions. McKernon 9 considers temperature the most important symptom. Chills are frequently seen, following which there is usually profuse sweating and rise of temperature. McKernon gives the proportion of cases showing chills as 50 p~r cent. When present this symptom is very diagnostic, provided malaria has been ruled out. The pulse and respiration are usually proportionate in their increase to the' temperature. With a disproportionately lowered pulse rate we must consider the possibility of intracranial complications. We may have nausea and vomiting. The neck may be tender and palpation over the internal jugular may reveal a cordlike thickening. We may find edema in the region of the mastoid foramen and the emissary vein. Greisenger's sign, based upon the unequal filling of both jugular veins upon compression is rarely demonstrable. A high leucocytosis is to be expected, with the differential count showing a relative increase in the number of polymorphonuclear leucocytes. Freguently we may find a blurring of the fundi, although not generally seen in tpe earliest ages. A positive blood culture is almost diagnostic, but when negative means nothing. According to Libman/o all cases of sinus thrombosis show a bacteremia at some time in their course. Consequently the value of the blood culture often depends upon the psychologic moment 0' £ its being taken. The culture may be taken before the bacteremia has been established, or after it has spontaneously disappeared, or the bactericidal power of the blood may be increased so as to eliminate the organisms.
All these signs make diagnosis easy, provided sufficient of them be present. An added help is the history of a perisinus abscess or a necrotic plate found at the preceding mastoid operation. But how often it is that the picture lacks most of these signs, requiring us to base our diagnosis on only one or two of them, plus a general conception of the case and surgical judgment.
The poss.ible end results of sinus thrombosis according to Braun' are: "1. The patient dies of general sepsis before the clot breaks down. 2. The clot breaks down in the center and the abscess finally breaks through the true wall of the sinus so that the abscess within the sinus communicates with the perisinus abscess. 3. The pus within the sinus breaks through the visceral wall of the sinus and produces a cerebellar abscess or meningitis. 4. The thrombus organizes and results in obliteration of the sinus. 5. Part or all of the thrombus becomes absorbed, resulting in the recanalization of the sinus."
The thrombus may extend from the sinus into some of the pial and cerebral veins and result in the occurrence of spots of hemorrhagic softening of the brain. Metastatic foci in the lungs, from the breaking off of fragments of the thrombus which are carried into the pulmonary capillaries, and foci in the joints, muscles and subcutaneous tissues, resulting from the bacteremia, may develop." Many of these cases take care of themselves spontaneously without any operative interference, but almost without exception they run a stormy course. Undoubtedly there are many cases of sinus thrombosis which are never diagnosed as such. Dayll reports six such cases accidentally discovered during subsequent mastoid operation. However, it is putting too much responsibility upon nature to allow this course to be' pursued if possible to do otherwise. Interference as early as possible with the establishing of the diagnosis offers the best hope. The difficulty usually arises from the inability to make the diagnosis early enough. As this rests upon the clinical picture of general sepsis of a variable degree, there may be many difficulties presented. We may have a double mastoiditis and be unable to convict either side as the one guilty of the thrombosis. The delay because of this may prove very detrimental, as in Case 1 of this series. There we had a double mastoiditis, each side showing a perisinus abscess. It was two days after the patient had his initial chill before we were able to pin the diagnosis of sinus thrombosis upon the left side. The picture may be very atypical, with an insufficient number of the classical signs present to make a diagnosis. We may have to wait for the subsequent development of these signs to confirm what we may have already strongly suspected. Case 7 illustrates this. We may be confronted by the presence of some coincident disease which also gives a septic picture. Pulmonary complications or empyema may detract our attention from the sinus.
As soon as a diagnosis of sinus infection is made, operative interference should be resorted to. The earlier the operation follows the involvement of the vein, the more the patient will be spared. Weare usually handicapped by difficulty in making a diagnosis and pay for the delay in a stormy postoperative course, or worse. Dench 12 considered that even in the absence of tenderness in the neck and other local signs, with an increasing remittent temperature and an almost certain knowledge of an infective sinus, it was wrong to delay operative interference.
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If we must wait for these local signs, we are bound to have a prolonged course of sepsis. The difficulty is that we operate for the most part on signs caused by the general septic condition. If we can make our diagnosis upon its initial appearance and operate immediately we will gain a great deal. For instance, it is a mistake to wait for the appearance of chills if we have other sufficient data to proceed upon. .
Authorities differ as to the proper course of treatment. Since Ballance first .advocated ligation there have been differences of opinion as to the correct surgical procedure. At present there seems to be a division of opinion between ligation of the vein and complete resection. The operative work on the sinus proper is pretty much the same for both groups. The same method of procedure in regard to the vein may not be applicable to every case. McKernon,o Dench 12 and Richards 13 rather tend ro resection, at least where there is any particle of doubt. On the other hand, the simple ligation can be performed in a very few minutes, causes very little trauma and very little shock to the patient, as compared to the more radical method. Tobey,J4 in a series of over two hundred cases. has found it necessary to employ resection in only two of them. If the horizontal crease incision is used the later cosmetic results are very gratifying. On the cases in this series on which this incision was used the neck scars were hardly discernible a few months afterwards. However, as Sauer]5 has said, after discussing the various methods of procedure, the results do not depend on any certain method, but upon how early the case is operated upon. For the ligation to prove satisfactory, in comparison to resection, it must be done early. In such cases it seems almost ideal. The ligation should be performed before there is any interference with the contents of th'e sinus, with the chance of sending infected material down the vein. If the mastoid has already been operated upon and we feel absolutely certain of the diagnosisthat the picture is not simulated by a perisinus or extradural abscess-we may start the operation in the neck with a perfectly fresh field and then after the jugular has been ligated and the wound sutured proceed to the necessarily infected mastoid region and the sinus.
In the series here reported all were operated upon as soon as we could establish the diagnosis. However, looking backward,it would seem that sinus operation was unduly delayed in almost every case. There is no doubt that each case would have done much better with earlier interference. This is a case of where "hindsight is better than foresight." Possibly, . at the time some of these cases were operated upon, resection would have been preferable to the course pursued. It is a debatable point. Considering the condition at the time and the amount of shock to the patient, the simpler method seemed the better. It would seem that the mistakes made were really on the time of operating and not so much on the method.
The operation performed in all, except Cases 4 and 7, was the ligation, following the method of Dr. G. L. Tobey. With the exception of Nos. 1 and 2, they were all performed under nitrous oxid and oxygen anesthesia with most gratifying results. And right here it is not inappropriate to mention the very satisfactory use of this anesthetic. Shock was reduced to the minimum and the patient recovered consciousness before the final dressings were applied. In such cases as these, this was of great importance. Truly it seems the anesthesia par excellence for this type of case. Afteru·sual preparation of the field, the head was turned toward the opposite shoulder and a sandbag placed under the neck to put it on the stretch. A small horizontal incision, not over one and a half inches long, was made in a deep crease of the neck in the superior carotid triangle, at the level of the thyroid, just anterior to the border of the sternomastoid muscle. The incision was carried through the platysma, retractors were introduced, Mayo scissors were substituted for the scalpel, and dissection made vertically just anterior to the sternomastoid. The carotid sheath was 'exposed, entered, and the internal jugular vein isolated from the carotid and the pneumogastric nerve. A double ligature of chromic catgut was placed around the vein, separated about a half inch and tied and the wound closed. Now the mastoid wound was reopened and the sinus widely uncovered. The upper and lower ends were compressed by gauze plugs inserted between the vein and the inner table. The sinus was incised, con-8.37 tents evacuated, and a large portion of the external wall removed, to a point beyond the thrombus. After free bleeding had been obtained from above and below, the sinus was packed with iodoform gauze and the wound partially closed with silkworm gut. The gauze in the sinus was left, on an average of five days. The horizontal crease incision gives ample exposure if properly utilized and with proper retraction. The cosmetic result afterwards, while of secondary importance to conserving life, shculd not be overlooked. In Case 4 the operation was the same except for the neck incision, which was considerably longer and vertical, parallel to the anterior border of the sternomastoid. Case 7 showed considerable swelling and inflammatory reaction in the neck, and the long vertical incision was required. This inflammatory mass was removed and the vein resected for a considerable extent.
In the series here reported Case 4 was Dr. W. E. Sauer's and his courtesy is incorporated herein. In Cases 5 and 7 the initial operative work was performed by other members of the hospital staff, and the sinus operation and later care were by the writer. Cases 1, 2, 3 and 6 were the writer's throughout.
Case I.-The patient was admitted to the hospital April 3, 1918, with a diagnosis of measles. He was a young white man, twenty-one years old, of slight build. Complicating his measles was a severe bronchitis. Eight days after entrance he developed an acute suppurative otitis media on the right. The membrana tympani was incised under local anesthesia. Tw<{ days later he developed a similar condition on the left. An incision was early performed. Both ears gradually quieted down and seemed to be convalescent in a few days.
April 25th. There was exacerbation of the otitis media on the right side requiring another incision. X-ray examination at this time showed large pneumatic mastoids, the cells apparently clear. From this time on there was considerable discharge from both ears, but otherwise than this the patient seemed to be very well and was able to be out of bed.
May 11th. There was increased mucopurulent discharge from the left middle ear.
May 12th. There was profuse discharge from the left ear, the superoposterior canal wall was slightly flattened, the mem-brana tympani red and thickened, and there was slight mastoid tenderness and edema. The white blood count at this time was 11,800. Differential: small mononuclears, 27; large mononuc1ears, 5; transitional, 1; polymorphonuclears, 68.
May 12th. Operation. Left simple mastoid. Ether anesthesia. Usual incision-cortex bleeding-large pneumatic mastoid with free pus and considerable destruction of the cell walls, disclosing a perisius abscess. The mastoid was thoroughly exenterated and the antrum opened, lightly packed with iodoform gauze and the wound partially closed with silkworm gut. He reacted well from the operation and seemed somewhat improved the next day, but the following evening his temperature rose to 103.8°.
May 14th. He had a chill. The wound was clean, the middle ear dry, and there was no edema over the region of the emissary vein nor was there any tenderness in the neck. His white blood count was 9,200. The right ear showed a profuse mucopurulent discharge, and there was slight flattening of the superior canal wall. There was no mastoid tenderness. While we felt certain that this was a case of sinus thrombosis we did not dare to consider the left sinus as the <Jffected one without exploration on the right.
May 14th. Operation. Right simple mastoid. Ether anesthesia. Usual incision-cortex bleeding-free pus and cell walls considerably broken down-peri sinus abscess similar to the left. Mastoid exenterated, wound lightly packed with iodoform gauze, partially closed with silkworm gut. We were unable at this point to decide which sinus was affected.
May 15th. Temperature was 105°. White blood count, 12,800. The next day the white blood count was 17,600. Differential count: small mononuclears, 1; large mononuclears, 6; polymorphonuclears, 93. Packing was removed from the left wound and a small amount of pus seen on the sinus wall, which was pulsating. The right wound was clean and the middle ear about dry.. It was deemed necessary to interfere and the evidence pointed toward the left-side.
May 16th. Operation. Ligation of left internal jugular vein. Ether anesthesia. The internal 'jugular was isolated and ligated in the method ablJve mentioned. Thp, sinus was uncovered and incised. A good sized thrombus was found and removed. A portion of the anterior wall was removed, the sinus curetted and iodoform gauze introduced.
Report of blood culture after forty-eight· hours' growth was negative. Two days later a metastatic involvement of a metacarpal joint was noted. Packing was removed from the right mastoid wound.
May 20th. Temperature 103°; general condition seemed good.
May 21st. Medical consultation resulted in a diagnosis of bilateral bronchopneumonia. Blood culture still~howed no growth.
May 24th. Both middle ears were dry and the wounds clean.
May 27th. Left pleural cavity aspirated and streptococci found in culture from the fluid. Medical consultant advised use of antistreptococcic serum. Considerable reaction followed its administration; After desensitization, 100 cc. of antistreptococcic serum with 150 cc. saline was given intravenously. This was repeated the next day. There was marked reaction following the use of the serum. The left arm became greatly swollen and cyanotic, with purpuric areas reaching to the shoulder. While the neck and mastoid wounds were perfectly clean and the middle ear was dry, patient seemed extremely sick. The temperature was about 103°e ach evening, and he was the picture of general sepsis. Further doses of anti streptococcic serum were given May 29th; 30th and 31st.
May 31st. Three -hundred cc. of straw colored fluid removed from left pleural cavity. The temperature that evening was 99°. His general condition was very weak and stimulation was required.
Tune 1st. Five hundred and ten cc. turbid straw colored flu'id removed from the left pleural cavity.
. June 2d. Fifteen cc. antistreptococcic given intravenously. rhis was discontinued, as patient became very much distressed md his respiration and pulse very rapid during administra-:lOn. June 6th. He complained of pain in his left knee, and xamination showed the presence of fluid in the joint. The ;ame day 35 cc. of turbid straw colored fluid was removed from left pleural cavity. The patient gradually became weaker-cerebration was impaired and he died on June 13th. N a autopsy was obtained. The factors in this case seemed to be a markedly virulent infection, plus the nonresistance of the individual; worn down by his long illness. Added to this we have the delay of two days in ligating the jugular because of inability to diagnose the affected side. This undoubtedly was of extreme importance. Also the use of antistreptococcic serum undoubtedly was of no benefit but, on the contrary, it seemed to us to have had a markedly detrimental effect. Each dose seemed to lower his resistance.
Case 2.*-Patient was admitted to the hospital April 20, 1918, complaining of pain in the right ear. Age, twenty-one years. Family history negative. Past history: mumps, measles and whooping cough in childhood; no previous ear trouble. He had had severe pain in the right ear. following a severe cold, for two days preceding admission. Examination showed a right suppurative otitis media. There was no mastoid edema, but he was quite tender over the tip. Membrana tympani was immediately incised, resulting in a serosanguinous discharge and relief of pain. Tenderness over the mastoid persisted in decreasing degree for two days and then subsided. On the tenth day tqe ear was dry. On the twelfth day the temperature rose to 104°. The ear was apparently convalescent. Examination of the throat showed an acute follicular tonsillitis. This subsided in about four days. On the nineteenth day after admission, he developed an exacerbation of· his otitis media requiring a second incision. Because of quarantine of the ward on account of scralet fever it was impossible to have a radiograph taken at this time.
On May 10th, twenty days after admission, he developed a temperature of 103°. The ear was discharging freely, there was no mastoid tenderness or edema, but considerable preauricular swelling. Following a consultation with the medical servire, patient was put under observation for mumps. Next day's temperature was 100.°M ay 12th, twenty-two days after onset, there was profuse discharge from the middle ear, and the superior canal wall *Abstract from rellort of case in Annals of Otology, Rhinology and Laryngology,Vol. XXVIII, No. 1, March, 1919. showed a distinct flattening. The membrana tympani was red and bulging, the mastoid periosteum felt thickened, and there was slight tenderness over the tip. Temperature, 102.2 0 • Operation immediately performed. Ether anesthsia. Usual incision-cortex bleeding-large pneumatic mastoid with cells broken down and containing free pus, perisinus abscess; an:" trum opened and exenterated; iodoform gauze inserted and wound partially closed with silkworm gut.
Patient followed .an uneventful course for four days, when he had a severe chill, following which the temperature went to 104. Packing was removed from the mastoid, and the sinus seemed to be pulsating. White blood count, 6,400. Differential: polymorphonuc1ears, 93; small mononuc1ears, 3; large mononuc1ears, 2; transitional, 2. Blood culture showed no growth. ,Next day patient seemed to be better, middle ear was dry and there were no chills. Temperature that evening, 102 0
; white blood count, 9,600. . May 18th, six days after operation, temperature was normal in the morning and the patient felt fine. At 4 p. m. he had a spontaneous hemorrhage from the lateral sinus, which was easily controlled by packing. Temperature that evening, 101.6 0 • Next day patient had rather a septic look, and temperature rose to 104.4 0 • White blood count, 16,800. Differential; polymorphonuc1ears, 72; small mononuc1ears, 11; large mononuc1ears, 7.
May 20th. Patient had a second chill, following which the temperature went to 103°. \iVThite blood count, 13,000. Differential: Polymorphonuc1ears, 85; small mononuc1ears, 5; large mononuclears, 10. Operation immediately performed under ether anesthesia. Usual ligation of the internal jugular vein and drainage of the sinus. No obliterating thrombus was found. Patient reacted well from operation.
Patient ran a septic course for about three weeks. He had some nausea and vomiting and several subsequent chills. The area under the neck incision became swollen and fluctuant, necessitating the reopening of the wound. Considerable pus was evacuated. We felt this was due to infection from a buried catgut suture, but it may have been a result of the phlebitis.
May 25th. Blood culture showed a growth of streptococcus hemolyticus.
May 26th. He complained of pain in the right shoulder joint. The next day there was another spontaneous hemorrhage from the sinus, easily controlled by packing.
June 2d. There was a third hemorrhage, but less in degree. He still complained of pain in the right shoulder joint and on June 6th 8 cc. of serosanguinous fluid was aspirated from the :;ame. There was no growth from this on culture.
June 16th. Fundi were examined by Lieut Col. de Schweinitz. "Righ~disc swollen 2.5 D., hemorrhage above disc. Left disc swollen 3.5 D. Probably toxic condition."
From this time on the patient's course was uneventful. The temperature remained normal and he was up and about. Subsequent examination of the fundi showed a gradual subsiding of the discs.
July 8th. Vision both eyes, 20/30. Hearing normal. This case agrees with the pathology of sinus thrombosis as described by Uffenorde. 16 The hemorrhages resulted from necrosis of the vessel wall. Lewis 17 describes a somewhat similar case. If ligation had been performed at the time of the first hemorrhage instead of waiting for the subsequent chills, undoubtedly the patient would have been spared a great deal.
Case 3.-Patient was admitted to the hospital January 29, 1919. Age, twenty-six years. Former occupation, farmer. Family history, negative. Past history: measles, mumps and whooping cough in childhood, typhoid fever ten years ago, lobar pneumonia nine years ago, influenza October, 1918, since which time he had been suffering from a lung condition which had been diagnosed as chronic tuberculosis. He was admitted to the hospital from a hospital train, en route to a tuberculosis hospital, complaining of pain in his right ear. Diagnosis: right acute suppurative otitis media. He was poorly develop~d and ill nourished and seemed ill and very weak. His right ear had been discharging one day. Examination of his lungs showed rales, diagnosed by the medical service a~tubercular. There was a profuse discharge from the middle ear, the canal was negative and the membrana tympani red amI bulging with a round central perforation. There was some tenderness over the tip of the mastoid. Membrana tvm-pani incised. The next day the tenderness had disappeared. He ran an uneventful course for the next seven days, when Hie discharge became increased in amount, the landmarks of the middle ear became lost, and the mastoid again became tender. The canal remained negative. X-ray examination resulted in a very poor plate. The cell walls were invisible, and it was reported as resembling a sclerotic mastoid. There were no chills, no localizing signs in the neck, or edema over the emissary vein. There was slight discharge from the middle ear. The picture was complicated by the obvious pulmonary condition. Although repeated consultations were held it was impossible to get a positive medical opinion as to whether the lungs were responsible for the temperature or not. Examination of the fundi was negalve. vVhite blood count January 23d showed a decrease of 10,000. Polymorphonuclear leucocytes, 79. Blood cultures negative.
He continued a septic course until January 25th, when he had a chill, following which his temperature ascended to 104.4°. White Olood count still 10,000. Polymorphonuclear leucocytes, 68. Report of blood' culture after forty-eight hours' growth showed strt'ptococci. At this time we were more or less embarrassed by delay in obtaining laboratory reports promptly. Diagnosis of sinus thrombosis made. Operation immediately performed.
Operation: Nitrous oxid and oxygen anesthesia. Internal jugular vein ligated. Mastoid reopened and sinus widely exposed. A small button of exuberant granulations was seen on its anterior wall. Sinus opened and a pottion of wall excised. No obliteration thrombus found. The patient ran the usual septic course for the next seven days, during which time several intravenous salines were given in an effort to combat the infection already present in his blood stream. 'January 28th. White blood count, 22,000.
February 2d. There was an area of redness and puffy swelling with line of demarcation on the right side of his face. This was diagnosed as erysipelas, and he was put in the isolation ward where he ran the usual course of this infection.
February 7th. His temperature returned to normal, and his subsequent course was one of uneventful convalescence. Discharged from the hospital April 25th with his general condition greatly improved.
The factors in this case are the low resistance in a tubercular individual and the delay in ligating the jugular. The condition of the lungs and the possibility of their accounting for the sepsis due to the sinus infection held up our diagnosis. Earlier ligation before the advent of the chills would have been beneficial.
Case 4.-The patient was a young man, aged twenty-four years. Admitted to the hospital October 12, 1918, with a diagnosis of bilateral acute suppurative otitis media. Family history negative. Past history, usual diseases of childhood and a right otitis media at the age of five. Present history: Five days before admission had pain in both ears, followed by discharge the next day. Examination of the ears on admission showed slight thin discharge from both middle ears and canals negative. Membrana tympani red and bulging with a small round per£oration in each. Both membrana tympani were incised to insure better drainage.
October 16th. A second incision of the right drum was required.
October 17th. Right superior canal wall was flattened, the drum boggy and discharge pulsating; mastoid area showed slight edema and some tenderness; similar condition on the left side. Operation: Double simple mastoid. Nitrous oxid and oxygen anesthesia. Thick cortex on both sides, both antra filled with pus; in the right there was some pus in the cells but none on the left. Uneventful course until October 28th, eleven days after operation, when his temperature rose to 103°. Both middle ears were dry at this time and the wounds were clean.
October 30th. Complained of some stiffness of the muscles of the neck, but there was no rigidity. Temperature had returned to normal. Examination of the fundi showed slight hyperemia of both discs.
November 3d. There was slight discharge from the right ear.
November 5th. Temperature rose to 102°, and patient complained of being chilly-no evidence of definite septic chill. Reflexes negative. Slightly tender over right jugular vein. White blood count, 14,500. Differential: Polymorphonuclears, 76; small mononuclears, 20; large, 2; transitional, 2.
November 7th. Complained of pain in right zygomatic region.
November 8th. Temperature, 103°; pulse, 102. Lumbar puncture performed; fluid clear and under very slight pressure; examination of fluid negative. Neurologic examination negative. Patient ran a slightly septic course' for the next three days.
November 10th. Fundus examination disclosed hyperemia of the discs. the same as in previous examination, but considerably more venous engorgement. Area over right jugular vein quite tender. \Vhite blood count, 17,000; polymorphonuclears, 86; small, 6: large, 8. Blood culture showed no growth. Diagnosis of sinus thrombosis was based upon the patient's septic appearance, temperature and the tenderness in the neck and fundus examination.
:t\ovember 10th. Operation. Nitrous oxid and oxygen anesthesia. Mastoid wound reopened and granulations removed from cavity; sinus exposed from the knee to the bulb; wall appeared necrotic at lower portion and pus was seen coming from the region of the jugular fossa. Wound temperately packed with iodoform gauze and internal jugular vein ligated: Sinus \vas then incised and a portion of external wall removed, but no obliterating thrombus found. Sinus was packed with iodoform gauze after free bleeding had been established from above and below, and the wound patrially closed with silkworm gut.
Patient seemed to be somewhat better the next day. Temperature continued high at night for about five days, after which it gradually came down to normal.
November 13th. Area of swelling was noted just below the mastoid tip, at the angle of the jaw, which subsided in three days.
November 21st. Swelling noted again, but this time farther downward in the region of the jugular incision. Next day a distinct fluctuation could be made out over this area, and the incision was reopened under nitrous oxid and oxygen anesthesia, and a considerable quantity of pus evacuated, just anterior to the sternomastoid muscle. Iodoform gauze drain. 'fhis was removed in four days and the wound was allowed to heal.
November 24th.. Examination of fundi showed the discs less hazy, vessels about normal in size. The right mastoid wound was healed December 22d; left, December 31st, and the patient restored to duty January 2, 1919.
One of the main factors of this case was the virulence of the infection. No perisinus abscess was found at the time of the mastoid operation, the plate covering the sinus apparently being healthy. At the second operation this was found softened with apparent necrosis of the vessel wall. The absence of well defined chills and the negative blood culture is of interest. The patient undoubtedly got his initial sinus infection November 5th, but delay in making the diagnosis postponed interference five days.
Case 5.-Patient was a young white man, age twenty-one. Admitted to the hospital September 2, 1918, with a diagnosis of acute pansinusitis. Had been having headache and profuse purulent discharge from both sides of the nose for three weeks previous to admission. X-ray examination showed slight cloudiness of all sinuses. Patient was put upon treatments of hot irrigations.. September 8th. Six days after entering hospital patient complained of pain in the .left ear; membrana tympani was found to be red and bulging. Incised under local anesthesia, resulting in a serosanguinous discharge. There was slight tenderness over the tip. Culture from the ear showed bacillus diphtherice. Nasal condition had subsided.
September 8th. X-ray examination showed distinct cloudiness of the left mastoid.
September 11 tho Rather profuse discharge; superior canal wall slightly flattened; some tenderness over the mastoid. Operation. Left simple mastoid. Nijtrous oxid and oxygen anesthesia. Notes of this operation could not be obtained, so conditions found at operation were unknown to us. Uneventful course until November 22<1, during which time cultures became negative for diphtheria.
. November 22d. Developed a temperature of 1031 0 rectal. Middle ear and mastoid wound were discharging profusely. There was some tenderness over the zygoma. Temperature normal the next day. Tenderness over zygoma persisted, and on November 20th superior canal wall appeared flattened and the wound was discharging profusely.
November 22d. Temperature again rose to 105 0 rectal. General examination was negative. There were no chills and no tenderness in the neck. Reflexes all negative. There was a slight spontaneous rotatory first degree nystagmus to the right. 'White blood count, 6,650; fundi negative.
November 23d. Condition shows no change; white blood count, 7,000. , November 25th. Temperature, 105.2; some nausea and vomiting; no chills; reflexes negative. Lumbar puncture performed; fluid clear; no increase of pressure; cell count normal; globulin negative. Nystagmus had disappeared.
November 26th. Report on blood culture positive for streptococci. Operation. Nitrous oxid and oxygen anesthesia; mastoid wound reopened and granulations removed from cavity. Good sized area of dura found e~posed. Considerable number of zygomatic cells containing pus were found and cleaned out; some remaining tip cells cleaned out; plate over sinus necrotic and was removed; sinus wall appeared thickl ened and rather gray. In the angle between the middle fossa and the sinus the curette opened up a large pus pocket. Wound was packed with iodoform gauze and partially closed with silkworm gut. The next day the patient seemed better and the temperature was down.
. November 29th. Temperature rose again to 104°. There were no chills. White blood count, 7,000. Reflexes negative. Middle ear was dry and the wound clean. There was considerable tenderness in the neck along the jugular vein. Operation, nitrous oxid and oxygen anesthesia. The internal jugular vein was ligated in the manner before mentioned and the wound closed with silkworm gut. Mastoid wound reopened and sinus incised and good sized thrombus removed. A portion of anterior wall was excised and the sinus packed with iodoform gauze; wound partially closed. Patient ran a septic course for the next twenty days.
December 3d. He has his first chill. December 4th. Packing was removed from the sinus and pus was seen coming from the lower portion. Iodoform strip inserted toward the bulb. This was changed daily and, after two days, no pus was noted.
December 12th. Second chill, following which temperature went to 104.6°. Some nausea and vomiting. Wound clean. No nystagmus. Cochlear and labyrinth apparently not involved. Refle-xes negative.
December 18th. Temperature normal and convalescence was uneventful from this time on. Restored to duty January 26,1919.
The main factors of this case seem. to be incomplete mastoid operation in the first place, plus a lack of resistance on the part of the patient as shown by the absence of any leucocytosis. Operation on~he sinus was undoubtedly delayed. It should have been performed at the time of the secondary mastoid operation. It is to be feared that lack of confidence in the laboratory finding of a streptococcic blood culture had a great deal to do with this delay. It is easy to see now that interference on the sinus would have been the proper course to have pursued, but at that time we hesitated to convict the vessels on a septic temperature and positive blood culture, without first cleaning out the. infected mastoid area. This is another case where more confidence and cooperation among the different branches of the profession would have reacted to the patient's good.
Libman says: "If the middle ear has been properly drained and the mastoid operated upon, and there is no meningitis or other cause found to account for the bacteremia and persistent symptoms, by exclusion, we must assume a lesion present in the veins."
The mastoid area was undoubtedly incompletely cleaned out at the first operation, and it was proper for us to rule this out first. However, the appearance of the sinus at the second operation was very suggestive of a thrombosis. Looking backward on the case now, there seems to be no doubt that the sinus should have been opened at this time and the jugular ligated, anothe\ error on the part of conservatism. The diphtheritic otitis, at the onset, apparently had little significance as regards the subsequent sinus involvement. Case 6. Patient was a well developed man of thirty-eight years. Admitted to the hospital January 24, 1919, with a diagnosis of right acute suppurative otitis media. Family history negative. Past history negative. On admission, membrana tympani was incised, resulting in a slight thin discharge. The ear improved until January 30th, when because of increased and pulsating discharge it was necessary to incise the membrana tympani again. February 1st. There was a slight flattening of the superior canal wall, but no mastoid tenderness or edema.
February 2d. Temperature, 101.4°p. m. February 3d. Operation. Right simple mastoid. Nitrous oxid and oxygen anesthesia. Usual incision; cortex extremely thick and mastoid found broken down and cavity filled with free pus. There was a perisinus abscess, sinus far forward and covered with granulations. The mastoid was exenterated and the cavity filled with iodoform gauze and wound partially closed with silkworm gut.
Februa'ry 4th. Temperature, 101.6°a. m., 103.8°p. m. This gradually came down until February 8th, when it was 98°a. m., 100.4°p. m. The next day temperature rose to 105°in the evening. Evening temperature continued between 104°and 105°for the next two days, with a slight discharge from the middle ear. vVound was clean. There were no chills. Examination of the lungs showed transient rales at both bases. February 9th. Examination of the fundi showed slight blurring on the nasal side. Reflexes were negative. February 10th. Middle ear was dry. Temperature gradually came down again until February 15th, when he had a chill, following which temperature rose to 105°. Examination of the urine showed some pus present.
February 15th. He had another chill in the evening. White blood count, 13,400; polymorphonuclear leucocytes, 77. Blood culture negative. Diagnosis of sinus thrombosis made.
February 16th. Patient had another chill before operation could be performed. Operation. Nitrous oxid and oxygen anestheSia. Usbal ligation of internal jugular vein and an exploration of sinus revealing a parietal thrombus; anterior wall excised and sinus packed with iodoform gauze. Ran a septic course until February 25th, when temperature was 99°a . m., 100°p. m. February 19th. After being typed, patient was given a blood transfusion. Neck wound was healed, middle ear dry and mastoid clean. Blood cultures persistently negative.
February 26th. Complained of pain in right elbow. February 27th. Temperature rose to 105 coming down to normal the next day. There was another rise of temperature March 3d following a chill. Septic course for the next five days. Swelling noted in neck under old healed incision. This was reopened and considerable pus evacuated. Examination of fundi normal. Uneyentful course from now on. Elbow responded to simple treatment.
The essential factors in this case were the virulence of the infection and the delay in operation because of the thick cortex masking the signs. The pus in the urine distracted our attention from the sinus for a time, and the absence of chills, positive blood culture and the slight leucocytosis delayed operative interference upon the sinus too long for the patient's good.
. Case 7.-The patient was a young white man, age twentytwo. Admitted to the hospital December 29, 1918. Diagnosis, measles. Family history negative. Past history, mumps and whooping cough in childhood, typhoid fever nine years ago, appendectomy two years ago.
Exam-Mem-Next
January 5th. Complained of pain in the right ear. ination showed a right acute suppuraive otitis media. brana tympani incised, resulting in serous discharge. day there was slight mastoid tenderness. January 7th. The tenderness was increased, and there was a profuse discharge from the middle ear, with complete loss of landmarks. Temperature was 103 0 • J anuclry 8th. No change until February 27th, when a granulating fistula was noted in the floor of the canal which had been swollen for some time. A probe was passed for a considerable distance downward toward the floor of the middle ear. Apparently the middle ear was dry and the discharge coming from this tract. There was slight swelling noted in the neck just below the tip of the mastoid.
February 28th. Swelling in the neck had increased. This was tender but not fluctuant.. It seemed to be rather a brawny induration. This gradually increased downwards until it reached the level of the thyroid. Patient was running a temperature of about 101 0 every afternoon and was the picture of a low grade sepsis. Heart, lungs and urien negative.
This was considered probably a case of atypical sinus involvement. The continued, if low grade, sepsis following one rise of temperature to 103 0 , and the presence of localizing signs in the right side of the neck made exploration at least advisable.
March 6th. Operation. Nitrous oxid and oxygen anesthesia. Incision of neck parallel to the anterior border of the sternomastoid. Deep dissection revealed a large inflammatory mass, including large lymphatic glands, the whole being adherent to the carotid sheath. This mass was dissected out, the sheath opened and the internal jugular vein found to be collapsed. This was ligated and resected for a considerable distance. The mastoid was reopened and granulations removed from the cavity. The plate covering the sinns was very soft and necrotic in the lower portion, where it remained from previous operation. Sinus exposed downward almost to bulb and wall found covered with granulations. Sinus opened and found thrombosed. A portion of the anterior wall was removed and after being curetted to the bulb the sinus was packed with iodoform gauze and the wound partially closed with silkworm gut. The neck wound was drained for three davs and then allowed to heal.
Following the operation the middle ear was dry, and there was no more discharge from the canal. The swelling gradually subsided in the neck and the canal opened up. The temperature continued as before for a few days, but after March 15 it remained normal. The mastoid wound was healed by March 24. The paralysis of the sixth nerve subsided in about two weeks. Restored to duty April 1.
Here we had almost a fulminating mastoiditis following measles, complicated by rather an atypical sinus infectipn. So rarely does a case follow the classical textbook picture that it is al'nost to be doubted whether there is any such thing as a typical or atypical form. This might follow the type Tobey14 speaks of as typhoidal. The initial invasion of the sinus probably took place January 10, with the rise of temperature to 102.2°. Following this we had a long continued low grade sepsis. There were no chills. Blood cultures were persistently negative. After February 5 there was no marked leucocytosis. \Vhether the sixth nerve paralysis was due to infection of the inferior petrosal sinus from the bulb, as in the cases reported by Pierce,'8 or was purely toxic, it is difficult to say. This is not infrequently seen in acute suppurative otitis media. The meningeal irritation was not something absolutely uncommon. Serous meningitis has been seen in sinus thrombosis. He was watched for the possibility of Gradenigo's syndrome, but no involvement of the fifth nerve was ever noted. Apparently the bulb was involved. In the case reported by McCoy,19 the suppuration in the bulb persisted, requiring the performance of the Tandler operation. This case responded rather promptly to simpler measures, curettage and drainage of the bulb with removal of infected material from the neck.
ViruJence.-The virulence of the infection seemed to play an important role in all the cases of this series except possibly cases 3, 5 and 7. In Case 7 it manifested itself by the acute fulminating type of mastoiditis, after which this factor seemed to lose its prominence and the case ran quite an atypical course.
Low Resistance.-This factor was quite evident in Case 1, where the patient was anything but rugged to start 'with, and in addition was considerably worn down by measles and bronchitis. On the contrary, Case 2 showed remarkable resisting powers, which enabled him to overcome his infection. Case 3 was tubercular and showed low resistance both in a general way, and in the low white count seen shortly after the onset of his sinus infection. Case 5 likewise exhibited poor resistance and never showed any increase in leucocytes during any stage of the disease. Cases 4, 6 and 7 showed good resisting power.
Delayed Operation.-Delay in performing the mastoid operation was an essential factor in Cases 1, 2 and 6. In the first, however, operation was performed on the side which was later thrombosed, about as soon as the picture warranted. Operation on the right side, a day or two earlier, might have helped in conserving his general resistance. Cases 2 and 6 were delayed because of masked signs. It is only fair to say that all the cases show' a delay in performing the sinus operation, due to t~rdiness in makin~our diagilOses. Frequently we lack the courage of our convictions. This series seems to point out this common error in an unmistakable way.
. Incomplete Operation.-Two cases, Nos. 5 and 7, are exam-_pIes of this. The mastoid was not thoroughly cleaned out at first operation in either case, and the pathologic process went on until there was an invasion of the sinus.
PATHOLOGIC FACTORS.
All the cases in this series, with the exception of No.4, showed perisinus abscess, although in Cases 5 and 7 this was not noted at the first mastoid operation. However, these were the cases which later gave evidence of having been incompletely exenterated. At the second operation, a perisinus abscess was found in both cases. The process was the confluent, or cell route, variety. The invasion of the sinus in Case 4 was apparently by necrosis of the inner table and direct extension to the sinus wall.
The bacteria, as demonstrated by blood culture, was streptococcus in Cases 1,.2, 3 and 5. No organism was isolated in Cases 4, 6 and 7.
SIGNS AND SYMPTOMS-CLINICAL FACTORS.
Temperature.-As has been pointed out by McKernon, Dench and others, this is by far the most important symptom. Each case ran a typically septic temperature, except No.7, in which there was one rise to 102.2 0 , followed by a slight .rise of one or two degrees every afternoon. If it had been possible to rule out other febrile conditions, this alone should have enabled us to have made our diagnosis earlier.
Pulse 'and Respiration.-In all the cases pulse and respiration were proportionate with temperature in their deviation.
General Appearance.-Sooner or later all the cases showed the picture of general sepsis. However, it would have been decidedly advantageous to have made the diagnosis and instithe proper surgical course before the appearance of this sign. To interfere in time to minimize general sepsis should be our endeavor.
Chills.-All but Case 7 exhibited chills, although these were not seen in Case 5 until after ligation. Here again we have a symptom often appearipg rather late in a disease, and it would seem a mistake to wait for its appearance, if possible to make a diagnosis without it. Malaria must be ruled out before accounting for the chills by sepsis.
LOCALIZING SIGNS.
Tenderness in the Neck.-This was noted in Cases 4, 5 and 7. In the last it, indeed, served as our guiding star, pointing out to us the proper course when other signs failed. When present it is decidedly helpful, but absent, it means nothing.
'Edema Over the Emissary Vein.-This was noted only in Case 1. Like the preceding, it is useful only when present; indeed many consider this due to pus under the periosteum and not a sign of venous obstruction. The zygomatic edema and swelling seen in Case 2 was undoubtedly due to the involvement of the zygomatic cells and had no significance as regards the sinus.
. Fundi.-Blurring of the disc margins with varying degrees of venous engorgement was noted in Cases 2, 5 and 6, but it was too late a factor to be of much diagnostic aid. Of these three, Case 6 showed only slight changes. Subsequent examinations, during convalescence, showed the discs returning to normal.
Case 7 showed a paralysis of the right sixth nerve, probably either toxic or caused by extension of the process via the inferior petrosal sinus to the apex of the petrous. Nausea and Vomiting.-This was noted in Cases 2 and 5, and then only in the later course of the disease, as an element of the general sepsis. '
Leucocytosis.-Cases 1, 2, 4 and 6 showed a characteristic leucocytosis, with an increase of polymorphonuclear leuco-, cytes of over 80. Ac McKernon has pointed out, this last is indicative of an infective condition demanding interference. Case 3 showed a typical leucocytosis and then a sudden drop to 10,000 just before operation was 'performed, probably due to a lowering of his resistance. Case 5 showed almost a leucopenia throughout, obviously a case of low resistance. Case 7 showed a slight increase in white cells. While the presence of a leucocytosis is of aid in making the diagnosis, it is mainly indicative of the patent's condition. The increase of polymorphonuclear leucocytes in the differential count is of more value.
Blood Culture.-Four of the cases, 1, 2, 3 and 5, gave a positive blood culture, although not always early enough to be of greatest diagnostic value. Three were persistently negative, although without doubt a bacteremia existed. According to Braun, coincident diseases in which it is possible to have a bacteremia are acute tonsillar infections, acute bacterial endocarditis, meningitis, scarlet fever, typhoid fever, pneumoina and possibly erysipelas. Ruling out these other conditions, a positive blood culture in a case of mastoiditis running a septic temperature, otherwise unac~ounted for, should make the diagnosis of sinus thrombosis certain.
. Metastasis.-Four of these, 1, 2, 6 and 7, showed metastatic involvements, but only in the last was this of diagnostic aid. This is really one of the end res.ults of the disease and rarely occurs early enough to serve as a basis for diagnosis. Often it is confirmato.ry evidence.
SUMMARY.
Of the seven cases in this series, six showed a typicallv septic temperature, general septic appearance and chills, although occurring late in two of them. Two of these six cases showed localizing signs in the neck, and one other, edema over the emissary vein. Five showed a leucocytosis with increase of polymorphonuclear leucocytes, while one showed a leucopenia. Four showed positive blood cultures, all of them streptococcic. Three cases showed fundus changes. Metastases developed later in three of the six. One case showed one moderately high rise of temperature, followed by a daily elevation each afternoon of one or two degrees. This case also showed a slight leucocytosis, paralysis of the sixth nerve, and later inflammatory signs in the neck and metastatic involvement of the shoulder joint.
CONCLUSIONS.
1. The best prophylaxis for sinus thrombosis is thorough exenteration of the mastoid as soon as a diagnosis of suppurative (operative) mastoiditis is made.
2. Despite early and thorough surgery, sinus infection will occur in certain cases because of the virulence of the infection or the low resistance of the patient.
3. Operative interference should be instituted as soon after sinus infection has taken place as possible. Early operation will avoid much long drawn out and stormy postoperative period.
4. If .performed early the ligation of the internal jugular vein, followed by exploration of the sinus and removal of its external wall, would seem sufficient. The horizontal crease incision leaves the best cosmetic result.
5.
Temperature is the most important symptom. If otherwise unaccounted for, a septic temperature in a mastoid which has been thoroughly operated should be "Considered as indicative of sinus infection. Other -conditions which might possibly cause a bacteremia being ruled out, a positive blood culture makes this diagnosis certain. Chills, the blood picture, localizing signs, etc., are important if present.
